Simultaneous stereoinversion and isomerization at the Asp-4 residue in βB2-crystallin from the aged human eye lenses.
The lens proteins are composed of α-, β-, and γ-crystallins that interact with each other to maintain the transparency and refractive power of the lens. Because the lens crystallins are long-lived proteins, they undergo various post-translational modifications including racemization, isomerization, deamidation, oxidation, glycation, and truncation. In βB2-crystallin, which is the most abundant β-crystallin, the deamidation of asparagine and glutamine residues has been reported. Here, we found that the aspartyl (Asp) residue at position 4 of βB2-crystallin in the lenses of elderly human individuals undergoes a significant degree of inversion and isomerization to the biologically uncommon residue D-β-Asp. Surprisingly, the D/L ratio of β-Asp at position 4 in βB2-crystallin from elderly donors (67-77 year old) was 0.88-3.21. A D/L ratio of amino acids greater than 1.0 is defined as an inversion of configuration from the L- to D-form, rather than a racemization. These extremely high D/L ratios are equivalent to those of Asp-58 and Asp-151 (D/L ratio: 3.1 for Asp-58 and 5.7 for Asp-151) in αA-crystallin from elderly donors (~80 year old) as reported previously. Initially, we identified specific Asp residues in the β-crystallin family of proteins that undergo a high degree of inversion. These results show that the isomerization and inversion of Asp residues occurs both in the α- and β-crystallins of the lens. Inversion of these Asp residues directly affects the higher order structure of the protein. Hence, this modification may change crystallin-crystallin interactions and disrupt the function of crystallins in the lens.